Germinating seeds of Tamarindus indica contain endo-β-1, 4-xyloglucanases which degrade tamarind xyloglucan, but not carboxymethylcellulose (CMC). The xyloglucanases are isolated from the germinating tamarind seeds using 50 mM acetate buffer, pH 5.5 containing 0.5 M NaCl. The Km value is 0.667 g/liter and the enzyme is optimally active at pH 5.5 and stable between pH 4 -6.5. The optimum temperature is 45˚C and is quite stable upto 50˚C. The activity declined by 50% at 60˚C and is completely inactivated at 70˚C. Highest xyloglucanase activity and specific activity are observed on the 23 rd day of germination. The polyacrylamide gel electrophoresis (PAGE) indicated the presence of five isozymes of xyloglucanases which are visualized by activity staining separately with congo red and grams iodine. Isozyme 2 is the major xyloglucanase present throughout the germination period.
Introduction
Xyloglucans were first found as amyloids in cell walls of seeds [1] . They are the major hemicellulosic structural polysaccharide of the primary cell walls of dicotyledons. Characteristic feature of xyloglucan is that they consists of a linear backbone chain of 1, 4-linked β-D-glucose residues and sidechains of α-D-xylose and β-D-galactose. The xyloglucans from Gramineae [2] - [4] and Solanaceae [5] - [10] have more unsubstituted glucose residues compared to those from dicotyledonous plants. The major polysaccharide of tamarind seed is the soluble galactoxyloglucan (50% -58%) consisting of a linear backbone chain of β-1, 4-linked D-glucose residues which are covalently linked by α-1, 6 linkage to xylose and some xylose residues are linked by β-1, 2 linkage to D-galactose. The extent of xylose substitution by β-D-galactose varies considerably, but the glucose backbone structure is typically substituted by 50% to 75% xylose. The high degree of substitution produces a stiff, extended conformation [11] .
The backbone of xyloglucan can be cleaved by many endo-β-1, 4 glucanases whose substrates are mainly cellulose and different β-glucans and xyloglucanases (XG) which are highly specific towards xyloglucan and are virtually inactive towards the non-substituted β-glucans and carboxymethyl cellulose (CMC). The xyloglucanase of Aspergillus aculeatus was named as xyloglucan-specific endo-β-1, 4-glucanases [12] . Since then, number of works devoted to xyloglucanases has been increasing. A growing interest in xyloglucanases is due to the possibility of their application in a number of important biotechnological processes, such as conversion of the plant waste, modification of xyloglucans to endow them required rheological properties in food and feed industries, in pulp and paper industry, treatment of the fabrics to change its brightness and color and to remove the fuzz from the surface of textile materials in the textile industry.
The object of the present work is to study xyloglucanases produced during the germination of tamarind seeds. 
Materials and Method

Methods
Germination Studies
Healthy Tamarind seeds (one hundred) are soaked in cold 50% H 2 SO 4 for 60 mins and then washed thoroughly with distilled water and dispensed into the soil (1:1 ratio of acid washed sand and cocco peat). The seeds are germinated and the endosperms collected every alternate day, starting from 3 rd day to 31 st day (till the endosperms are about to get detached from the seedlings).
Extraction of Xyloglucanase
A 20% extract of the fresh endosperm (15 day old germinated seed) is prepared in different buffer systems (0.05 M sodium phosphate buffer, pH 7.0 and 0.05 M acetate buffer pH 5.5 and also with the same buffers containing 0.5 M NaCl and 0.5% Triton X-100, respectively) by blending in a mixer for 5 mins and centrifuged at 10,000 rpm for 15 mins at 4˚C. The resulting supernatant is dialyzed overnight against 0.05 M acetate buffer pH 5.5, centrifuged at 10,000 rpm for 15 mins and used for the assay of xyloglucanase and total protein.
Extraction of Xyloglucanase during Germination
All procedures are carried out at 4˚C, unless otherwise specified. A 20% extract of the endosperm is prepared (at an interval of every 48 hours during germination) in 0.05 M acetate buffer pH 5.5 containing 0.5 M NaCl, centrifuged and the supernatant dialyzed overnight against 0.05 M acetate buffer pH 5.5. The dialyzate is centrifuged at 10,000 rpm for 15 mins and used for the quantitative assay and electrophoretic analysis of xyloglucanase and total protein estimation.
Xyloglucanase Assay
Xyloglucanase activity using tamarind seed xyloglucan as a substrate is determined by DNS method [13] . 1.0 ml of suitably diluted enzyme extract is added to 0.5 ml 0.05 M acetate buffer pH 5.5 and 1.0 ml 0.5% xyloglucan. The reaction mixture is incubated at 45˚C for 2 hours. The reaction is arrested by adding 0.25 ml DNS reagent. The activity is expressed as the number of µmoles of reducing sugar produced/hour.
Protein Estimation
Protein is quantitatively estimated using bovine serum albumin (BSA) as standard [14] .
Kinetic Parameters
Effect of Time
Effect of time on xyloglucanase activity is determined by incubating the enzyme with 0.5% xyloglucan substrate for different time intervals at 45˚C and assaying the enzyme as described above.
Effect of Substrate Concentration
Xyloglucanase is incubated with different concentration of the substrate for 2 hours at 45˚C and assayed as described above. K m and V max are determined by constructing LB-plot.
pH Optima
pH optima for xyloglucanase is determined by assaying the enzyme using 50 mM buffers of different pH (acetate buffer pH 4.0, 4.5, 5.0 and 5.5, phosphate buffer pH 6.0, 6.5, 7.0 and 7.5, Tris-HCl buffer pH 8.0, 8.5 and 9.0, carbonate buffer pH 9.5, 10.0, 10.5 and 11.0) at 45˚C for 2 hours.
pH Stability
The pH stability of xyloglucanase is determined by pre-incubating the enzyme with 50 mM buffers of different pH (acetate buffer pH 4.0, 4.5, 5.0 and 5.5, phosphate buffer pH 6.0, 6.5, 7.0 and 7.5, Tris-HCl buffer pH 8.0, 8.5 and 9.0, carbonate buffer pH 9.5, 10.0, 10.5 and 11.0) for 2 hrs at 4˚C. A known aliquot from the pre-incubated samples are removed and assayed at 45˚C for 2 hours as described above at an optimum pH of 5.5.
Temperature Optima
The optimum temperature for xyloglucanase is determined by assaying the enzyme at different temperatures, such as, 5˚C, 10˚C, 17˚C, 22˚C, 27˚C, 32˚C, 37˚C, 45˚C, 52˚C, 60˚C, 70˚C and 80˚C using tamarind xyloglucan as the substrate, for 2 hours.
Temperature Stability
Temperature stability of xyloglucanase is determined by pre-incubatng the enzyme at different temperatures, such as, 5˚C, 10˚C, 17˚C, 22˚C, 27˚C, 32˚C, 37˚C, 45˚C, 52˚C, 60˚C, 70˚C and 80˚C for 30 minutes, rapidly cooled to 0˚C and assayed using tamarind xyloglucan as the substrate at 45˚C for 2 hours.
Polyacrylamide Gel Electrophoresis
Polyacrylamide gel electrophoresis (PAGE) is performed [15] [16] . A discontinuous vertical slab gel system (8 cm X 8 cm) containing 10% separating gel and 4.5% spacer gel is used. The separating gel also contained 0.5 mg xyloglucan/ml. An aliquot of the enzyme extract suitably diluted with 40% glycerol solution containing bromophenol blue is carefully layered into the wells and subjected to electrophoresis for 2 hours at 10˚C maintaining a current of 20 mA. After electrophoresis, the gel is incubated for 5 hours in 0.05 M acetate buffer, pH 5.5. The gel is then stained separately using 0.1% solution of congo red [17] for 15 mins and destained with 1M NaCl and 1% grams iodine solution [18] for 5 mins. Xyloglucanase activity appeared as clear zone against red background (with congo red) and clear zone against green background (with grams iodine), respectively.
Result
The enzyme xyloglucanase from 15 day old germinated tamarind seeds is extracted using various buffers. Acetate buffer, 50 mM, pH 5.5 containing 0.5 M NaCl is found to be ideal for the maximum extraction of xyloglucanase. Hence, this buffer is used for extraction of xyloglucanases during the germination period.
Experiments are carried out to determine the standard conditions for the assay of xyloglucanases from the tamarind seed extract. The xyloglucanase activity of the enzyme extract is linear up to 1.0 mg protein (Figure 1 ) and up to 2 hours (Figure 2) . K m and V max of the enzyme with tamarind seed xyloglucan as substrate is 0.667 g/ litre and 0.84 µmole/hour (Figure 3 and Figure 4) . The enzyme extract did not show any activity towards carboxymethylcellulose (CMC) or starch and indicated the absence of cellulolytic activity and α-glucanolytic activity. The optimum pH is 5.5 ( Figure 5 ) and was stable between pH 4.0 to 6.5 ( Figure 6) . The enzyme did not show any activity above pH 6.0. The optimum temperature is 45˚C (Figure 7 ) and the enzyme is quite stable from 10˚C to 50˚C. The activity declined by 50% at 60˚C and is completely inactivated at 70˚C (Figure 8) .
The tamarind seeds are germinated for 31 days and the changes in total xyloglucanase activity, specific activity and protein are followed every alternate day (Figure 9) . Analysis of the total xyloglucanase activity pattern during germination of the seed showed highest activity on 23 rd day of germination. The total activity increased gradually up to 23 days of germination (5-fold) and then decreased. The specific activity increased on 7 th day and remained almost constant till 15 th day and increased up to 23 rd day of germination. The total protein in the endosperm decreased till 7 th day of germination and then increased till 15 th day and again decreased. Electrophoretic analysis of the xyloglucanase activity during the germination from 3 rd to 31 st day is shown in (Figure 10) . Totally five isozymes were separated by PAGE. Band number 2 is the major xyloglucanolytic band, present on all the days while band numbers 3 & 4 appeared from 17 th day onwards up to 31 st day. Band number 5 appeared from 23 rd day onwards. Band number 1 was present only from 3 rd day onwards to 13 th day. 
Discussion
Seed xyloglucanases have been investigated only in species that have stored xyloglucans in the cotyledons [19] [20]. In case of seeds, xyloglucan-specific endoglucanase has been isolated and purified from the cotyledons of nasturtium and lentils [20] [21]. They have also been detected in the cotyledons from tamarind, pea, bean and Hymeraea courbaril [19] [22]. The activity of xyloglucanases or CMC-degrading endoglucanases from the seeds of nasturtium [23] , Hymeraea courbaril [19] , coffee-bean [24] [25] and cold-tolerant tomato lines [26] increased during the germination. Similarly, during tamarind seed germination, the activity of xyloglucanases increased continuously and is maximum on 23 rd day. In nasturtium cotyledons, the physiological role of xyloglucanase is correlated with the mobilization of storage xyloglucan from the cell walls following germination. Similarly, xyloglucanse is the major enzyme used for mobilizing tamarind seed xyloglycans which constitute about 55% of the endosperm.
The activities of endoglucanases from seeds have been detected in cotyledons of germinating kidney beans [27] , coffee bean [24] [25] . In these cases, the enzymes hydrolyzed CMC, but the activity on xyloglucans was not reported. However, in the seeds of Euphorbia heterophylla [28] , it is shown that xyloglucan is depolymerized by CMCases which acts on xyloglucans and also by xyloglucan-specific endoglucanases which are unable to hydrolyze CMC.
In contrast to the above, in nasturtium seeds, xyloglucan specific endo-1,4-β-glucanase hydrolyzes xyloglucans with no action on cellulose or other substrates with 1,4-β-D-glucosyl linkages [21] . In the present work we observed that tamarind seed xyloglucanases hydrolyzed only tamarind seed xyloglucans with no action against CMC or starch. Similarly xyloglucanases from Pencillium canescens, Penicillium verruculosum and Analipus japoniucs [29] exhibited activity towards xyloglucans, but not CMC. However, xyloglucanases from Chrysosporium lucknowense and Trichoderma reesi [30] exhibited high activity towards xyloglucans and very low activity towards CMC.
The Km value for tamarind xyloglucanase (0.667 g/litre) is in the range that is typical for Km values for fungal xyloglucanases (0.3 -0.7 g/litre). The xyloglucanases of T reesi [30] and A japonicus exhibited maximal activities in weakly acidic region of pH 5 while tamarind seed xyloglucanase exhibited maximum activity at pH 5.5. The optimal temperature for the xyloglucanase activity for Penicillium species [29] ranged from 55˚C -65˚C while tamarind seed xyloglucanase is maximally active at 45˚C. The xyloglucanase of Penicillium species [29] are stable upto 50˚C similar to tamarind seed xyloglucanase.
Electrophoretic analysis of xyloglucanases during the germination period indicated the presence of five isozymes. Appearance of clear bands against colored background indicates that the xyloglucanases acts in the interior of the xyloglucan substrate and hence are endoxyloglucanases.
Specific xyloglucanase can be used for modification of the properties of tamarind seed xyloglucans and also produce oligosaccharide, which have high commercial value. There is great demand for food additives which can be used as functional substitutes for the calorie imparting contents of processed foods without adversely affecting the organoleptic quality. The tamarind seed hydrolyzate can be substituted upto 60% of the digestible carbohydrates in processed food products. Further it has been found that fat content can also be reduced upto 25% and enables a significant reduction in calorie content. Unlike other food additive gums, the tamarind seed polysaccharide hydrolyzate can be used at high levels in processed foods without adversely affecting the processing thereof due to elevated viscosities.
In view of the importance of xyloglucanases, further work is in progess to purify the xyloglucanases and study their properties.
